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This letter reports the observation and mass measurement of fully reconstructed By 

mesons through the decay chain B; -t J/$x$, J/$ -+ p+/.-, I$ --t K-+X- using 

data obtained at the Collider Detector at Fermilab in fi collisions at Js = 1.8 TeV. 

A signal of 14.0 5 4.7 events is observed. Comparison of the Et signal with the 

kinematically similar decays B+ -+ J/(/K+ and B” + J/$K’(892)O is presented. 

The mass of the B.0 meson is determined to be 5383.3 & 4.5 (stat) ?c 5.0 (syst) 

MeV/c’. 
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The quark model predicts the existence of the B,O [l] meson, a bound state of 

a bottom and strange quark-antiquark pair. A recent theoretical prediction gives a 

range for the B: mass of 5345-5388 MeV/c’ using nonrelativistic quark models [2]. 

Indirect experimental evidence for the existence of the B,O meson has been obtained 

by several groups [3,4]. However, these observations do not lead to an unambiguous 

determination of the Bf mass. More recently, there are reports that candidate B,O 

events in several decay modes have been fully reconstructed by experiments at LEP 

[5]. This letter reports the full reconstruction and mass measurement of B,O mesons 

using the J/&5 decay channel. 

We exploit the large cross section for b-quark production at the Tevatron center- 

of-mass energy of 1.8 TeV [6, 71 using a data set with an integrated luminosity of 

- 12.5 pb-’ accumulated during part of the 1992-1993 run by the Collider Detector 

at Fermilab (CDF). Events that contain J/v) + ptpL- are obtained with a dimuon 

trigger which is implemented at low transverse momentum (PT). These events are 

enriched with reconstructible B mesons. We focus our search for B,O mesons on the 

decay chain B,O -+ J/&h, J/$ + p+p-, 4 -+ K+K-. 

The CDF detector has been described in detail elsewhere [8]. We describe sub- 

systems used in this analysis including those recently commissioned. A silicon vertex 

detector (SVX) [9] consisting of four layers of silicon strip detectors located between 

radii of 2.9 and 7.9 cm and extending & 25 cm in t from the center of the detector 

provides spatial measurements for charged tracks with a resolution of 13 pm in the 

r-4 plane [lo]. The geometric acceptance for the SVX is - 60% as the interactions are 

distributed along the beam axis with standard deviation g of - 30 cm. Surrounding 

the SVX is a time projection chamber (VTX) which p rovides tracking measurements 

in the T-Z plane. Momenta of charged particles are measured in three dimensions 

by the central tracking chamber (CTC), an 84-layer drift chamber which covert the 
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pseudorapidity interval 171 < 1.1, where 1) = - ln[tan(0/2)]. The SVX, VTX, and 

CTC are immersed in a 1.4116 T axial magnetic field. Electromagnetic and hadronic 

calorimeters are located outside the magnet. Muons are identified using three differ- 

ent subsystems each consisting of four layers of drift chambers. The central muon 

chambers, located behind w 5 absorption lengths of calorimeter, cover 85% of 4 in 

the range of 1111 < 0.6. Gaps in the 4 coverage are filled in part by the central upgrade 

muon chambers with total coverage in 4 of 80% and 171 5 0.6. These chambers are 

located behind w 8 absorption lengths. Finally, central extension muon chambers 

provide 67% coverage in I$ for the region 0.6 < 171 < 1.0 behind N 6 absorption 

lengths. 

Dimuon events are collected using a three-level trigger. The first-level trigger 

requires two charged track segments in the muon chambers with PT > 3 GeV/c. The 

second level requires a CTC track with PT > 3 GeV/c, identified by a fast hardware 

track processor, to match a muon chamber track segment. The third level, imple- 

mented with online track reconstruction software, requires two oppositely-charged 

CTC tracks to match muon track segments and a dimuon invariant mass between 2.8 

and 3.4 GeV/c’. 

The search procedure for Bi -+ J/q!14 is based on studies of the decays of B+ 

and J3’ with Monte Carlo simulation [ll] and in the data. We first describe the 

reconstruction of B+ -+ J/$JK+ and B” -P J/$K*(892)‘. Results on these decay 

modes derived from our earlier data have been published [7]. For each muon candi- 

date we require that the position of the muon track segment and the extrapolated 

CTC track match to within 3g, where Q is the uncertainty in the extrapolation due 

to multiple scattering. Tracks measured in three dimensions by the CTC are used 

and SVX information is added when available. We calculate the invariant mass of 

two oppositely-charged muon candidates after constraining them to originate from a 
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common vertex. The J/+ candidates are selected by requiring the difference between 

the dimuon mass and the world average J/ii, mass of 3096.9’ MeV/cZ [12] to be < 3u, 

where c is the mass uncertainty calculated for each dimuon candidate. The sample 

contains 41200 & 300 J/$J candidates at a mean mass of 3095.8 + 0.2 (stat) MeV/c’ 

after corrections for dE/dX losses. The J/$J signal has a width of w 20 MeV/c’ and 

a signal-to-noise ratio of 13:l at the J/+ mass. 

In this analysis, any charged track is considered a kaon candidate for the decay 

B+ + J/$K+. The K‘ candidates are formed from combinations of two oppositely- 

charged tracks with both K*ar mass assignments. The invariant mass of the track 

pair is required to be within 80 MeV/c2 of the mass of the K’ which has a natural 

width of 51 MeV/c* [12]. To improve the mass resolution, we constrain the 3-track 

(p+pL-K+) or 4-track (p+pL-K+a-) system to a common secondary vertex and si- 

multaneously constrain the dimuon mass to the world average J/$J mass. We form a 

confidence level for this combined constraint, CL@), where the number of degrees of 

freedom is 4 (6) for the 3-(4-)track systems. The signed two-dimensional decay length 

L w is the distance between the primary and secondary vertex projected onto the B 

meson candidate momentum vector in the ~-4 plane. The position of the primary 

vertex in r-4 is calculated using tracks measured by the SVX averaged over many 

events with an uncertainty dominated by the N 40 pm beam spot size. 

The reconstruction procedure results in mass distributions with combinatoric 

backgrounds that are reduced by applying requirements on the i’T of the decay prod- 

ucts, the PT of the B meson candidate P,(B), L,,, and CL(x2). For B+ + J/$K+, 

we require P*(K+) > 2 GeV/c, &(B+) > 8 GeV/c, L,, > 100 ,um, and CL(xz) > 

1%. Figure la shows the J/T+!JK+ mass spectrum. A binned maximum likelihood fit of 

a linear background and a Gaussian signal distribution gives 79.5 & 11.4 candidates 

reconstructed in the B+ + J/$K+ channel at a mass of 5278.2 & 2.6 MeV/c2 (world 
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average: 5278.6 i 2.0 MeV/ca [IZ]). Th e cr of the Gaussian is fixed at 15 MeV/c* 

using expectations from Monte Carlo studies and knowledge of the tracking resolu- 

tion. The fit excludes the mass region below 5140 MeV/c* where B decays with an 

unobserved pion may contribute. 

For the J/$K‘ channel, the combinatoric background is large because we select 

K‘ candidates within the 6 80 MeV/c* mass region and allow for both K*d com- 

binations. We reduce this background by requiring P.(K*) > 3 GeV/c, &(B’) > 

8 GeV/c, L,, > 100 pm, and CL(x’) > 1%. Figure lb shows the J/$K* mass spec- 

trum. Using the above fit procedure, we obtain 43.7 If 8.7 candidates reconstructed 

at a mass of 5279.6 zt 2.9 MeV/ca (world average: 5278.7 !c 2.1 MeV/c’ [12]). The 

o of the Gaussian is fixed at the expected 12 MeV/cr. 

The reconstruction of Bi + J/v&$ uses the aforementioned J/$J selection criteria. 

To form a 4 candidate, we require the invariant mass of two oppositely-charged tracks 

assigned kaon masses to be within 10 MeV/c* of the 1019.4 MeV/c* 4 mass [12]. 

The p+p-K+K- system is constrained with the procedure used for the J/$K+ and 

J/$K’ systems. Due to the 4 natural width of 4.4 MeV/c’ [12], the combinatoric 

background is small relative to the J/ljrK* channel. Hence, we require P=(4) > 

2 GeV/c, CL(x’) > I%, and positive L,,. The histogram in Fig. 2a shows the 

resulting J/qhK+K- mass distribution. The signal is clearly visible and remains 

significant under variation of the selection criteria. Figure 2b shows the K+K- mass 

distribution for J/$K+K- combinations within 20 MeV/c’ of 5380 MeV/c’ without 

the i 10 MeV/c’ 4 window on the K+K- mass. An excess near the 4 mass is 

observed. 

The mass of the B,O meson is determined by performing a binned maximum likeli- 

hood fit to the J/$K+K- mass distribution using a linear background and a Gaussian 

signal distribution with the width fixed at 12 MeV/c’. The fit result is 14.0 * 4.7 
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fully reconstructed Bf candidates at a mass of 5383.3 =b 4.5 (stat) MeV/c*. 

Additional checks on the signal are performed. The dotted histogram in Fig. 2a 

shows no enhancement when J/+K+K- combinations are formed using K+K- with 

invariant mass in the region 1050-1090 MeV/c*. We see no signal when forming 

same-sign J/$K*K* combinations. We also study the possibility that combinations 

from B” + J/$K* decay contribute to the signal region if the pion from the K‘ 

decay is assigned a kaon mass. Monte Carlo studies of this process predict 0.9 i 0.9 

events in the J/$J+ signal region. There are no common events in the JI1JIK- and 

J/&S signals. 

We investigate several sources of systematic uncertainty on the mass determi- 

nation. A 0.05% uncertainty in the magnetic field [13] contributes to a mass scale 

uncertainty of about 1 MeV/c’. The systematic error due to the mass fitting proce- 

dure is estimated to be 2 MeV/c’ by varying the histogram bin size and the Gaussian 

width. The selection criteria are varied for the three B decay modes, and we esti- 

mate this systematic uncertainty to be 2 MeV/ca. A systematic error of 3 MeV/c* is 

assigned due to the current uncertainty in the tracking calibration. Alternative meth- 

ods for constraining the 4-track system lead us to assign a systematic uncertainty of 

2 MeV/c’. We combine these errors in quadrature and round the overall systematic 

uncertainty to 5.0 MeV/c’ on the B,O mass determination. The CDF measurements 

of the Bt and B” masses are consistent with the world averages within the stated 

systematic uncertainty. 

In conclusion, we observe the decay B,O + J/$4 with 14.0 LIZ 4.7 events. We 

determine the mass of the Bf meson to be 5383.3 & 4.5 (stat) i 5.0 (syst) MeV/c’. 
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FIG. 1. The mass distribution for (a) J/q5 K+ and (b) J/ii, K’. The solid line indicates 

the fit region. 
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FIG. 2. (a) The J/q KfK- mass distribution for K+K- within 10 MeV/cz of the 

6 mass (solid), and for the normalized q5 sideband region (dots). (b) The K+K- 
mass 

distribution for J/$ KfK- combinations within 20 MeV/cZ of 5380 MeV/c’. 


